Mechanical integrin stress and magnetic forces induce biological responses in mesenchymal stem cells which depend on environmental factors.
The control of mesenchymal stem cells (MSC) by physical cues is of great interest in regenerative medicine. Because integrin receptors function as mechanotransducers, we applied drag forces to β1 integrins on the apical surface of adherent human MSC. In addition to mechanical forces, the technique we used involved also the exposure of the cells to an inhomogeneous magnetic field. In order to assess the influence of the substrate on cell adhesion, cells were cultured on plain tissue culture polystyrene (TCP) or on coated well plates, which allowed only adhesion to embedded fibronectin or RGD peptides. We found that the expression of collagen I, which is involved in osteogenesis, and VEGF, a factor which stimulates angiogenesis, increased as a result of short-term mechanical integrin stress. Whereas, collagen I expression was stimulated by mechanical forces when the cells were cultured on fibronectin and RGD peptides but not on TCP, VEGF expression was enhanced by physical stimulation on TCP. The study further revealed that magnetic forces enhanced Sox 9 expression, a marker of chondrogenesis, and reduced the expression of ALP. Concerning the intracellular mechanisms involved, we found that the expression of VEGF induced by physical forces depended on Akt activation. Together, the results implicate that biological functions of MSC can be stimulated by integrin-mediated mechanical forces and a magnetic field. However, the responses of cells depend strongly on the substrate to which they adhere and on the cross-talk between integrin-mediated signals and soluble factors.